A polymorphism within the 3'-UTR 8473T¨C of the cyclooxygenase-2 (COX-2) gene, which plays a role in gastrointestinal cancer development, has been associated with susceptibility to malignant disease. Here, we report on the interaction between the COX-2 3'-UTR T¨C polymorphism and gastric cancer development. DNA from 121 Japanese patients with gastric cancer and 126 age-matched control patients was examined for the COX-2 polymorphism by PCR-RFLP. Odds ratios and the 95% confidence interval (CI) were calculated. Homozygous carriage of the COX-2 8473C allele tended to be associated with an increased risk of gastric cancer compared to the T allele homozygotes of the subjects (OR=3.70; 95% CI, 0.96-14.25). The CC allele was associated with a significant increased risk of diffuse-type gastric cancer (OR=5.29; 95% CI, 1.18-23.70). These findings suggest that the COX-2 3'-UTR 8473T¨C polymorphism could be used as a marker for genetic susceptibility to gastric cancer in Japanese populations.
Introduction
Gastric adenocarcinoma continues to be a considerable global health problem. Although its incidence and mortality rate have decreased over the last few decades, gastric cancer is second only to lung cancer as the leading cause of cancer death worldwide (1, 2) . Helicobacter pylori (H. pylori) has been designated a causative pathogen for gastric carcinogenesis (3); however, only a small number of infected patients actually develop gastric cancer. This suggests that genetic factors may also play an important role in carcinogenesis of the stomach.
The cyclooxygenase-2 (COX-2) gene is a member of the prostaglandin synthase family of genes. Recent progress in the investigation of this gene has demonstrated that COX-2 is a key regulator of inflammatory change and is associated with gastrointestinal cancer development (4) (5) (6) . It has been suggested that the COX-2 8473T¨C 3'-untranslated region (UTR) variant affects COX-2 mRNA levels (7), because this polymorphism is located in the post transcriptional regulatory region. The COX-2 polymorphism at the 8473 position has recently been associated with lung, breast and colorectal cancer (8) (9) (10) (11) (12) . However, the association of this variant with gastric cancer risk has not been studied previously.
In this case-control study, we demonstrated the association between the risk of gastric cancer and the genetic polymorphism at position 8473 in the 3'-UTR of the COX-2 gene using gastric biopsy samples.
Materials and methods
Patients and controls. The study population was comprised of patients who had received an upper gastrointestinal endoscopy at the Fujita Health University Hospital. A total of 121 Japanese patients (90 males and 31 females) diagnosed with primary gastric cancer participated in the study. Gastric cancer was histologically diagnosed at the division of pathology of the Fujita Health University Hospital and classified according to Lauren's classification (13) . Information regarding cancer staging and anatomic location was obtained. A total of 126 age-and gender-matched patients (84 males and 42 females) who had undergone an upper gastrointestinal scope but did not have gastric cancer were evaluated as controls. Cases with collagen disease or inflammatory bowel disease, as well as those prescribed non-steroidal anti-inflammatory drugs, were excluded. The Ethical Committee of Fujita Health University, School of Medicine approved the study protocol. Written informed consent was obtained from all subjects.
DNA extraction. Gastric biopsy specimens were taken from non-cancerous mucosa in the antrum greater curvature of the stomach by means of the upper gastrointestinal endoscopy. Genomic DNA was then extracted from the samples using a proteinase K and DNA extraction kit (Qiagen, Valencia, CA).
Analysis of the COX-2 gene polymorphism. The genotype of the COX-2 polymorphism at position 8473 in the 3'-UTR was determined using PCR-based primer-introduced restriction analysis (PIRA) as previously described (8) . Identification was performed after PCR-amplification using the following primers: 5'-GTTTGAAATTTTAAAGTACTTTTGAT-3' and 5'-TTTCAAATTATTGTTTCATTGC-3'. PCR was carried out in a volume of 20 μl containing 0.1 μg of genomic DNA. The DNA was denatured at 96˚C for 5 min followed by 35 cycles at 96˚C for 30 sec, 53˚C for 40 sec and 72˚C for 45 sec, with a final extension at 72˚C for 10 min. The PCR reaction was performed using EX Taq (Takara Bio Inc., Shiga, Japan). The amplified PCR products were digested overnight with 5 U of BclI (New England BioLabs Inc., Beverly, MA, USA) at 50˚C. Subsequently, the digested products were analyzed on 10% polyacrylamide gels. These gels were stained with silver staining kit (Atto Corp., Tokyo, Japan), and the genotypes and alleles were determined by analyses of the different bands as described previously (8) . The presence of a BclI site was indicated by the cleavage of the 147 bp amplified product to yield fragments of 124 and 23 bp.
Detection of Helicobacter pylori. H. pylori positivity was
determined by microscopic examination, the rapid urease test or serum anti-HP antibody titer. Infection was diagnosed when at least one of these tests was positive.
Statistical analysis. The clinical characteristics of patients with or without gastric cancer were compared using the MannWhitney U test. Logistic-regression analysis was performed to find the odds ratio (OR) and 95% confidence interval (CI) for gastric cancer of the genetic polymorphism, with adjustment for age, sex and H. pylori infection status. A probability value of <0.05 was considered statistically significant.
Results
Subject characteristics. The characteristics of the patients and control subjects who participated in this study are summarized in Table I . There were no significant differences between the case and control groups in terms of age or gender distribution. The infection rate of H. pylori was higher in the gastric cancer patients (p<0.05). Table II shows the genotype frequencies of COX-2 in patients with gastric cancer and in the control group. A polymorphism at position 8473 of COX-2 was identified in all 247 subjects. Of all the cases and controls, homozygous carriage of the COX-2 8473C allele tended to be associated with an increased risk of gastric cancer when compared to the T allele homozygotes of the controls (OR=3.70; 95% CI, 0.96-14.25) (Table II) .
Distribution of COX-2 genotypes.
For further investigation, the association between the COX-2 polymorphism and the clinicopathologic features of gastric cancer, tumor location, stage, and Lauren's histological classification were included in a stratified analysis.
Among these clinicopathologic features, we found that a CC homozygote polymorphism was associated with an increased risk of diffuse-type gastric cancer (OR=5.29; 95% CI, 1.18-23.70) (Table III) . No statistical differences between the H. pylori positivity rates of intestinal and diffusetype gastric cancer were found.
The main endoscopic findings in the control group were: gastric ulcer in 42 patients (33.3%), duodenal ulcer in 16 (12.7%), gastric and duodenal ulcer in 2 (1.6%) and gastritis in 66 (52.4%). No significant genotype differences among the patients with gastric ulcer, duodenal ulcer and gastritis were found in the controls (data not shown).
Discussion
In the present study, we found that the 8473T¨C polymorphism of the COX-2 gene tended to be associated with an increased risk of gastric cancer in a Japanese population. In particular, the frequency of the CC homozygote genotype of this polymorphism was significantly higher in patients with diffuse-type gastric cancer than in the controls.
COX-2 may affect the process of inflammation in carcinogenesis. It is expressed in the stomach and plays diverse roles in cases of mucosal injury by inducing prostaglandins in the stomach (14) . COX-2 also plays an important role in the development of various kinds of cancer (15-18) ; indeed, the correlation between enhanced expression of COX-2 and gastric cancer has been previously reported (19) (20) (21) (22) . Moreover, COX-2 expression has been detected in pre-malignant lesions (21, 23, 24) . These reports provide strong evidence that COX-2 affects gastric cancer development.
Several studies have investigated the association between the COX-2 8473T¨C polymorphism and the risk of several types of cancer (8) (9) (10) (11) (12) 25) . Our data are in accordance with three previous studies, which showed a similar association with the CC genotype in lung (10), colorectal (12) and breast Table I . Subject characteristics. 
-------------------------------------------------GC Controls P-value -------------------------------------------------
GC, gastric cancer; HP, H. pylori; NS, not significant. a GC vs. Controls, Mann-Whitney U test. Table II . The COX-2 polymorphism and the risk of gastric cancer.
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No. GC No. patients controls Genotypes (%) (%) OR (95% CI) P- value  ----------------------------------------------- ------------------------------------------------- GC, gastric cancer; CI, confident interval. (11) . Three other studies described a protective role for the CC genotype in lung cancer (8, 9, 25) . The reason for this discrepancy is currently unclear; however, it may be due to etiologic differences among these tumors. Another possibility for the discrepancies between this single nucleotide polymorphism (SNP) and carcinogenesis in different tumors is ethnic diversity. The varied genetic background of the study population should be taken into consideration because, in linkage disequilibrium with the COX-2 8473T¨C polymorphism, other linked polymorphisms that have causal effects on the susceptibility to gastric cancer may present differently in different ethnic groups.
In lung cancer studies, there have been reports which show that the COX-2 polymorphism is associated with tumor histology. The results of our study indicate that the CC genotype is susceptible to diffuse-type gastric cancer, but do not suggest an association between the COX-2 SNP and intestinal-type gastric cancer. While the reasons for the observed histologyassociated differences in the risk created by the COX-2 polymorphism remain to be clarified, this result is attributable to differences in the pathways of carcinogenesis between the various histological types of gastric cancer. H. pylori is a very powerful pathogenic factor in the stomach, and intestinal-type gastric cancer is strongly related to multi-step carcinogenesis of the chronic inflammation (gastritis)-metaplasia-carcinoma sequence (26) . Therefore, the susceptibility of the CC genotype of COX-2 to cancer may have more influence on the diffuse type than on the intestinal type of gastric cancer development. It is also possible that the 8473T¨C polymorphism in the COX-2 gene stabilizes COX-2 mRNA, resulting in differential COX-2 expression.
In the process of carcinogenesis, COX-2 can influence tumor invasion or metastasis (27) (28) (29) . Thus, the COX-2 8473T¨C polymorphism may affect the progression of tumor growth. In the present study, however, this polymorphism was not associated with the stage of gastric cancer.
In conclusion, these findings suggest that the COX-2 3'-UTR 8473T¨C polymorphism could be used as a marker for genetic susceptibility to gastric cancer in a Japanese population, particularly in diffuse-type gastric cancer cases. Larger studies are needed to confirm the influence of this gene on gastric carcinogenesis in Japanese populations and in an ethnically diverse population. Table III . Association between the COX-2 polymorphism and tumor location, staging and Lauren's classification. 
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All data are adjusted for sex, age and H. pylori infection status. GC, gastric cancer; ND, not determined.
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